Most previous research investigating osteoporosis in rheumatoid arthritis (RA) has focused on female patients and there is a lack of data regarding clinical characteristics of osteoporosis in male patients with RA.
Introduction
Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by polyarticular small joint arthritis leading to joint destruction and extra-articular manifestations, such as rheumatoid nodules and cardiopulmonary and hematologic disorders. In addition to periarticular bone loss and local erosions, systemic bone loss begins early during the course of the disease and is a well-established extra-articular complication of RA caused by sustained inflammation, glucocorticoids (GCs) use, immobility, disability, sarcopenia, and traditional risk factors such as aging and postmenopausal state. [1] [2] [3] In particular, GCs is one of the major risk factor for systemic bone loss in RA. Two-phase of bone loss seems to be induced by GCs: a rapid first phase when 12% of bone mass decrease in the first 6 to 12 months of treatment, followed by a subsequent chronic phase with a slower rate of bone loss. Thus, RA is now considered one of the most common secondary causes of osteoporosis and bone densitometry should be performed routinely in patients with RA. Previous epidemiologic studies showed that patients with RA have a higher prevalence of osteoporosis and higher incidence of vertebral and nonvertebral fracture as compared with the general population, [4] [5] [6] [7] contributing to considerable morbidity and mortality as well as medical and societal cost. In particular, the 1-year cumulative mortality rate due to hip fracture in RA patients was reported to be approximately 20% and significantly higher than that in general population. [8] Accordingly, appropriate management of osteoporosis and prevention of fragility fracture in patients with RA are crucial to optimize clinical outcome. [9] However, despite advances in therapeutics for RA disease control, there has been no apparent change in the incidence of osteoporotic fracture in patients with RA in recent decades, [10] which imposes a significant burden in clinical practice.
Osteoporosis has been generally recognized as a disease affecting women, because men do not experience rapid generalized bone loss after menopause. [11] Instead, men have more gradual and less severe bone loss that usually begins by the sixth decade of life and occurs at an average rate of 0.5% to 1% per year. [12] Although male osteoporosis is less frequent than female osteoporosis and seems to be an underdiagnosed and undertreated condition, there has been growing awareness to its clinical importance. One out of 8 men aged older than 50 years will sustain an osteoporotic fracture during their remaining lifetime, and men account for approximately 30% of hip fractures. [11, 13, 14] Previous studies demonstrated that the mortality rate associated with fragility fracture is much higher in men than in women. [15] [16] [17] These data collectively indicate that osteoporosis can be a serious health problem for not only women but also men, and rheumatologists need to pay special attention to osteoporosis in male patients with RA. However, because postmenopausal women are at a greater risk for osteoporosis, most previous research investigating osteoporosis in RA has focused on female patients [4, 5] and there is a lack of data regarding clinical characteristics of osteoporosis in male patients with RA. Therefore, it is necessary to determine the clinical importance of systemic bone loss in male RA patients. The purpose of the present study is to compare the frequency of osteoporosis between male patients with RA and healthy individuals and to identify risk factors for osteoporosis and low bone mineral density (BMD) in male patients with RA.
Materials and methods

Study design and patients
We conducted a retrospective cross-sectional study including 76 male patients with RA aged over 50 years and 76 age-matched (±2 years) male healthy individuals who underwent BMD measurement by dual energy X-ray absorptiometry (DEXA) at a university-affiliated hospital in South Korea from January 2012 to December 2015. All patients with RA fulfilled the 2010 American College of Rheumatology/European League Against Rheumatism collaborative initiative classification criteria for RA. [18] The following patients with RA were excluded from our study: patients with rheumatic diseases other than RA; patients with prior spine and/or hip surgery or metal implants that might affect BMD measurement; patients who had previously received or were currently receiving anti-osteoporotic treatments such as bisphosphonates, selective estrogen receptor modulators, teriparatide, or denosumab, except for calcium and/or vitamin D; patients with stage III or higher chronic kidney disease (CKD); and patients with pre-existing hypothyroidism or hyperthyroidism. Healthy controls were selected randomly from applicants for a routine health check up at the same hospital who had no history of rheumatic disease, including RA, no history of chronic diseases that could affect BMD, such as CKD or thyroid diseases, and no history of taking medication for osteoporosis. All patients with RA and healthy controls in our study were South Korean. The present study was approved by the Research and Ethical Review Board of the Pusan National University Hospital, which waived informed consent for study participants due to the retrospective study design (IRB no. 1610-009-048).
BMD measurements
BMD was measured at the lumbar spine (L1-4) and left hip (femoral neck and total hip) using DEXA equipment (GE-Lunar Prodigy or Lunar Prodigy advance, Madison, MA). BMD was expressed in grams per square centimeter (g/cm 2 ) and the standard deviation (SD) from the young and healthy population (T-score). We used South Korean female reference data provided by the manufacturers when calculating the T-score, as previously recommended. [19] [20] [21] [22] All procedures were conducted according to the standardized procedures for BMD measurements provided by the manufacturer and the coefficient of variance was 0.33% at the spine and 0.4% at the hip in our hospital. Osteoporosis in men aged 50 years or older was defined as T-scores of À2.5 or lower, according to the World Health Organization (WHO) classification. [23] 
Clinical assessments
Demographic and anthropometric data, such as age and body mass index (BMI), were collected from both patients with RA and healthy controls. BMI was determined by dividing the body weight by the square of the height in meters (kg/m 2 ). For patients with RA, the following clinical and laboratory markers were recorded: disease duration, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) levels, disease activity score assessed using the 28-joint count for swelling and tenderness (DAS28)-ESR, rheumatoid factor, anti-cyclic citrullinated peptide (CCP) antibody levels, van der Heijde modified total Sharp score (vdH-mTSS), and current medications, such as disease-modifying anti-rheumatic drugs (DMARDs) and GCs. Serum CRP level was determined by particle-enhanced immunoturbidimetry (Tina-quant C-reactive protein assay; Roche Diagnostics, Zurich, Switzerland) with a P800 Module (Roche Diagnostics). DAS28-ESR score was = 0:56 Â ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi ffi tender joint conut 28 [24] High disease activity was defined as a DAS28-ESR of > 5.1; moderate disease activity was defined as 3.2 < DAS28-ESR 5.1; low disease activity was defined as 2.6 < DAS28-ESR 3.2; remission was defined as DAS28-ESR 2.6. [25] Serum RF titer was assessed using a particleenhanced immunoturbidimetric assay (range 0-14 IU/mL) and serum anti-CCP antibody titer was measured by a chemiluminescent microparticle immunoassay (range 0-5 U/mL). The vdHmTSS of patients with RA was assessed by an experienced rheumatologist who was blind to clinical and laboratory data, using hand and foot X-ray images. [26] Data regarding current use of DMARDs, including methotrexate, sulfasalazine, hydroxychloroquine, leflunomide, tacrolimus, and tumor necrosis factor-a (TNF-a) inhibitor were collected. The cumulative dose (g) of GCs was expressed as prednisone equivalent and was determined by multiplying the current daily dose by the number of days for which patients with RA had been treated with GCs since first prescription.
Statistical analyses
Continuous variables are reported as mean ± SD or median (interquartile range; IQR), as appropriate, and categorical To determine the factors associated with BMD in male patients with RA, we conducted a stepwise multivariable linear regression analysis. We conducted stepwise multivariable linear regression models including variables with P < .1 in univariable analysis and a priori confounding factors such as age and BMI. Multivariable logistic regression models with backward selection adjusting for variables with P < .1 in univariable analysis and a priori confounding factors such as age were used to calculate odds ratios (ORs) for the presences of osteoporosis in patients with RA. A 2-sided P < .05 was considered to be statistically significant. All statistical analyses were performed using SPSS software version 18.0 (SPSS Inc., Chicago, IL) and STATA version 11.1 for Windows (StataCorp LP, College Station, TX).
Results
Clinical and laboratory characteristics of male patients with RA are summarized in Table 1 . Median (IQR) disease duration was 37.5 (1.3-105.8) months and the frequency of patients with RA having positive results for RF and anti-CCP antibody was 91.8% and 80.6%, respectively. Mean DAS28-ESR was 3.28 ± 1.44 and median vdH-mTSS was 4 (1-9). In addition, 38 (50%) patients showed moderate to high disease activity, whereas 30 patients with RA had remission status. The most common concomitant DMARDs was methotrexate (52.6%), followed by hydroxychloroquine (39.5%) and sulfasalazine (22.4%). The majority of patients with RA (77.6%) were treated with GCs and median (IQR) cumulative dose of GCs was 3.11 g (1.65-8.15). Seventeen patients (22.4%) received calcium and/or vitamin D supplementation. Table 2 summarizes comparisons of BMD and the frequency of osteoporosis between male patients with RA and healthy individuals. Age and BMI in patients with RA were comparable with those of healthy controls. Patients with RA had a significantly lower total hip BMD than healthy individuals (0.92 ± 0.14 vs 0.96 ± 0.1 g/cm 2 , P = .027), but there was no significant difference in L1-4 and femur neck BMD between patients with RA and controls. In subgroup analyses, no significant differences in L1-4, femoral neck, and total hip BMD between RA patients not treated with GCs and controls were observed (data not shown), whereas RA patients receiving GCs therapy had significantly lower total hip BMD than healthy subjects (0.92 ± 0.14 vs 0.96 ± 0.11 g/cm 2 , P = .031). The overall frequency of osteoporosis at either the spine or the hip in male patients with RA was significantly higher than healthy controls (22.4% vs 10.5%, respectively; P = .049). However, no significant differences in the prevalence of osteoporosis at the spine (19.7% vs 10.5%, respectively; P = .113) and the hip (3.9% vs 0%, respectively; P = .245) were found between patients with RA and healthy controls.
Associated factors for BMD in male patients with RA were analyzed by linear regression analyses (Table 3) . Of interest, increased anti-CCP antibody titer significantly correlated with low L1-4 BMD (unstandardized b = À0.0007, P = .048) after adjusting for confounding factors. Higher DAS28-ESR appeared to be associated with lower L1-4 BMD (unstandardized b = À 0.0086, P = .086), but did not reach statistical significance in the multivariable linger regression model. As expected, older age was a significant risk factor for low femoral neck and total hip BMD in multivariable linear regression analyses (Table 3) . Radiographic damages measured by vdH-mTSS correlated with low total hip BMD in the univariable model, but this association was not statistically significant in the multivariable model (Table 3 ). In addition, BMI, disease duration, and cumulative GC dose did not show a significant association with BMD in male patients with RA. Anti-CCP antibody = anti-cyclic citrullinated peptide antibody, CRP = C-reactive protein, DAS28-ESR = Disease activity score 28-ESR, DMARDs = disease-modifying anti-rheumatic drugs, ESR = erythrocyte sedimentation rate, GCs = glucocorticoids, RF = rheumatoid factor, TNF-a = tumor necrosis factor-a, vdH-mTSS = van der Heijde modified total Sharp score. Table 2 Comparisons of bone mineral density and the frequency of osteoporosis between patients with rheumatoid arthritis and healthy subjects.
RA patients (n = 76) Healthy subjects (n = 76) P Patients with RA with osteoporosis had significantly lower BMI and higher disease activity than those without osteoporosis (Table 4) . No significant differences in age, disease duration, RF titer, anti-CCP antibody titer, vdH-mTSS, and cumulative GC dose according to the presence of osteoporosis were observed (Table 4) . Risk factors for osteoporosis in male patients with RA analyzed by logistic regression models are summarized in Table 5 . In univariable analysis, BMI 22 kg/m 2 and DAS28-ESR > 3.2 significantly increased the risk for osteoporosis, whereas longer disease duration tended to be associated with the presence of osteoporosis in male patients with RA. Backward multivariable logistic regression models revealed that both BMI 22 kg/m 2 [(OR = 3.43, 95% confidence interval (95% CI) = 1.04-11.33, P = .043] and DAS28-ESR > 3.2 (OR = 3.85, 95% CI = 1.13-13.17, P = .032) were independent risk factors for osteoporosis in male patients with RA (Table 5 ). However, no statistically Table 3 Linear regression models for bone mineral density in male patients with rheumatoid arthritis. Anti-CCP antibody = anti-cyclic citrullinated peptide antibody, BMD = bone mineral density, BMI = body mass index, DAS28-ESR = Disease activity score 28-erythrocyte sedimentation rate, GCs = glucocorticoids, vdH-mTSS = van der Heijde modified total Sharp score. * Estimated using stepwise multivariable linear regression models, including age, BMI, disease duration, DAS28-ESR, antiCCP antibody, and mTSS. † Estimated using stepwise multivariable linear regression models, including age and BMI. ‡ Estimated using stepwise multivariable linear regression models, including age, BMI, mTSS.
Dependent variables Independent variables
Table 4
Comparisons of the clinical features in male patients with rheumatoid arthritis according to the presence of osteoporosis.
RA patients with osteoporosis (n = 17)
RA patients without osteoporosis (n = 59) P Anti-CCP antibody = anti-cyclic citrullinated peptide antibody, BMD = bone mineral density, BMI = body mass index, DAS28-ESR = Disease activity score 28-erythrocyte sedimentation rate, GCs = glucocorticoids, RF = rheumatoid factor, vdH-mTSS = van der Heijde modified total Sharp score.
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significant associations between osteoporosis and age, serum anti-CCP antibody titer, or vdH-mTSS were found in our logistic regression analyses.
Discussion
The present study showed that patients with RA aged over 50 years had significantly lower total hip BMD as compared with age-and sex-matched healthy controls, but there were no significant differences in BMD in the L1-4 spine and femoral neck between the 2 groups. Similar to female counterparts, the overall frequency of osteoporosis at either the spine or the hip in male patients with RA was 2.1 times higher than that in controls. This finding suggests that appropriate management for osteoporosis in patients with RA is crucial not only for postmenopausal women but also for men aged 50 years and over. In addition, low BMI and moderate-to-high disease activity measured by DAS28-ESR were independent risk factors for the presence of osteoporosis in male patients with RA. Of interest, higher anti-CCP titer was significantly associated with reduced L1-4 BMD after adjusting for confounding factors. These findings indicate that beyond traditional risk factors, inflammatory status and RA-associated autoimmunity were important determinants for generalized bone loss in male patients with RA. Therefore, careful monitoring for the development of systemic bone loss should be considered for male patients with RA with lower BMI, higher disease activity, or higher anti-CCP antibody titer. The major finding of our study was that frequency of osteoporosis, defined as T-scores À2.5, in male patients with RA aged over 50 years was 22.4%, approximately 2 times higher than that of healthy individuals (10.5%). Similar to our results, Haugeberg et al [27] and Nolla et al [28] reported that the prevalence of osteoporosis, defined using T-scores À2.5, in male patients with RA was 23% and 21%, respectively, in at least 1 of the evaluated sites, although no comparison with healthy controls was performed. The prevalence of osteoporosis in female patients with RA ranged from 11.5% to 22.1% [4, 5, 29, 30] and 2 times higher that of controls in previous studies. [4, 5] Thus, unlike general population studies showing that osteoporosis and subsequent fragility fracture are less frequent in men as compared with women, [8, 14] our data and previous reports suggest that the frequency of osteoporosis in male patients with RA may be no less than that of female patients with RA. Thus, we assume that osteoporosis may also be an important clinical concern for the management of both male and female patients with RA. Although multifactorial factors such as inflammation, GCs use and functional disability can contribute to bone loss in RA patients, the role of gender in osteoporosis in RA has not been extensively studied. Thus, further researches to investigate distinctive features between male and female osteoporosis in RA patients are obviously needed.
In addition to the overall frequency, osteoporosis in RA has several distinctive clinical features compared with osteoporosis in general population. RA patients have lower bone formation marker such as serum osteocalcin and higher bone resorption markers such as crosslinked N-telopeptidases of type 1 collagen than general population, which may be due to inflammatory status in RA. [31] In addition, unlike non-RA subject, bone loss in peripheral arthritis (periarticular osteopenia) characterized by the trabecular size loss is another feature in RA patients, [31] which correlates with systemic osteoporosis in this population. [32] Using an appropriate reference database is important for measurement of the T-score in investigating the frequency of osteoporosis. Unlike the diagnosis of osteoporosis in women, there is no consensus regarding appropriate reference data in the assessment of T-scores in male patients. Use of female reference data when calculating T-score in men is supported by the by the WHO, [19] Scientific Advisory Council of Osteoporosis Canada, [20] National Osteoporosis Guideline Group, [21] and International Society for Clinical Densitometry, [22] whereas the Endocrine Society recommends use of male reference data. [33] In the present study, South Korean female reference data provided by the manufacturers were used for calculating T-scores in male patients with RA and healthy patients of the same ethnicity. The same method was also applied in the Osteoporotic Fractures in Men Study, a representative study of male osteoporosis. [34] Total hip BMD in male patients with RA was significantly lower than that of healthy controls in our study, whereas there was no significant difference in spine BMD between patients with RA and controls. Similar results have been reported in both male and female patients with RA in previous studies. [4, 5, 35, 36] Thus, unlike postmenopausal osteoporosis, marked bone loss in the total hip but relatively preserved axial bone mass may be an clinical feature of osteoporosis in "RA" patients rather than "male" patients. This notion was also pointed out by Vosse and de Vlam. [37] As the proportion of cortical bone in the total hip is higher than that of the spine, it is assumed that cortical bone loss may be more susceptible to RA-specific risk factors, such as inflammation and autoimmunity, compared with trabecular bone loss. This hypothesis may be supported by evidence that high disease activity or high titer of RA antibodies is associated with localized cortical bone erosion, but the underlying mechanisms of Table 5 Risk factors for osteoporosis in male patients with rheumatoid arthritis using logistic regression analyses.
Variables
Crude OR (95% CI) P * Adjusted OR (95% CI) P RA-associated inflammation directly leading to bone loss in the hip remains elusive. Risk factors for osteoporosis and low BMD in male patients with RA were analyzed in the present study. First, increased disease activity was an independent risk factor for osteoporosis in our data, similar to a previous study by Dao et al. [36] However, as 50% of RA patients were in remission (39.5%) or low disease activity (10.5%), relationship between disease activity and generalized bone loss in RA in our data needed to be interpreted cautiously. As TNF-a, a key proinflammatory cytokine in RA, can stimulate osteoclastogenesis via receptor activator of nuclear factor kappa B ligand activation, leading to systemic bone loss, [38] it is obvious that inflammation is a considerable contributing factor for osteoporosis in RA. However, bone loss in chronic inflammatory diseases such as RA must be a multifactorial affair and changes in energy balance, calcium metabolism, and hormonal pathways during inflammatory process can also cause low bone mass.
[39] Thus, we assumed that disease activity is necessary but not sufficient for development of bone loss in RA. Second, anti-CCP antibody titer inversely correlated with spine BMD in male patients with RA and a significant inverse association between anti-citrullinated protein antibody (ACPA) titer and BMD in patients with RA was observed in previous studies. [40, 41] The effect of ACPA on inducing osteoclasts activation, even in the absence of inflammation in RA, was also reported [41] and the binding of ACPAs to citrullinated vimentin in the surface of monocyte/macrophage lineage induces differentiation of these cells into osteoclasts, [42] which supports the effect of ACPA on bone loss in RA. Third, cumulative GC dose did not show a significant association with osteoporosis or BMD in male patients with RA in our study. For female patients with RA, a significant association between GC use and osteoporosis was found in some previous studies, [4, 36] but others reported no association. [29, 43] As GC use is a major cause of osteoporosis and fragility fracture, the lack of association between cumulative GC dose and reduced BMD in our study is somewhat unexpected. The small sample size and imprecise data collection regarding cumulative dose due to the retrospective design may have led to a lack of power to detect a correlation between GCs and bone loss in our study. Third, lower BMI, which is considered a traditional risk factor for osteoporosis, was also significantly linked with generalized bone loss in male patients with RA. Lastly, DMARD therapy, such as methotrexate and hydroxychloroquine, did not affect the rate of osteoporosis in patients with RA. Of interest, Mok et al [44] reported the protective role of hydroxychloroquine against osteoporosis in patients with systemic lupus erythematosus, but this effect was not found in our study. Further longitudinal studies are needed to confirm the effect of DMARDs on systemic bone loss in RA.
The present study has several limitations. First, the main limitation of the present study is the small sample size leading to low statistical power. As our study was conducted in a single center and RA is more common in female patients than male patients, it is difficult to collect a substantial number of male patients with RA. In particular, although male RA patients had significantly higher overall frequency of osteoporosis at either site compared with controls, there were no differences in the frequency of osteoporosis at the spine or hip between these 2 groups in our study. In addition, because no healthy subjects had hip osteoporosis, the direct comparison of hip osteoporosis between RA patients and controls may not be reasonable in our study. This result may be due to a small sample size and further larger studies are needed. Second, our study participants may not necessarily be representative of all South Korean male patients with RA. The cost of DEXA examination in South Korea is approximately $100 (US dollars) and male patients with RA can receive reimbursement for DEXA from the National Health Insurance Service in South Korean government if age 70 years or older. Thus, male patients with RA aged from 50 to 69 years could be reluctant to check their BMD due to cost, which may cause selection bias in our data based on real clinical practice. Third, we only evaluated T-scores of study participants based on female reference data. Further studies are needed to compare T-scores of male patients with RA according to male and female reference data. Lastly, due to retrospective study design, we could not fully collect information about the functional status in RA patients, which is important for analysis of the risk factors for osteoporosis.
In conclusion, male patients with RA had a 2.1 times higher risk for osteoporosis as compared with healthy controls. Low BMI (BMI 22 kg/m 2 ) and moderate-to-high disease activity (DAS28-ESR > 3.2) were independent risk factors for the presence of osteoporosis in male patients with RA. Thus, similar to their female counterparts, special attention may also be needed to detect and treat osteoporosis in male patients with RA, especially those with low BMI and higher disease activity. Despite significant advances in the understanding of male osteoporosis in recent years, little work has been done on epidemiology, etiology, and optimal treatment of osteoporosis in male patients with RA. The present study sheds light on the importance of the increased risk of osteoporosis in male patients with RA, but further research is needed to confirm our findings due to limitations of our data, such as the small sample size.
